Physiological activities of four types of phytoncide solutions (A, AB, CY and D-types) , prepared from various plants widely distributed in nature, were examined. We assayed these phytoncide solutions, testing for active oxygen inhibition, DPPH radical scavenging effects, nitrogen monoxide inhibition, and lipid peroxide inhibition. The AB-and D-types of phytoncide solutions especially showed comparably potent antioxidant effects. Antibacterial and antifungal assays were conducted using the AB-and D-types, with results showing significant inhibitory activities with these solutions.
There are various types of phytoncide. We prepared 4 types of phytoncide solution which showed various bioactive effects, from the combination of many kinds of trees and plants (Abe and Nomura, 2006) . Among these 4 types, we already reported that the phytoncide solution AB-type (commercial products), which is prepared with the extract of a plant with high antimicrobial property, is effective in the elimination of bacteria and odor (Abe et al., 2007) .
In our highly computerized modern society, many people suffer from various symptoms caused by stress (Nakagawa and Nagai, 1991; Tsuchiya and Hosoi, 1996) . On the other hand, healing methods like forest bathing or aromatherapy have been also been traditionally applied in our everyday lives in order to relieve psychosomatic disorders (Kintish, 1997 , Butcher, 1998 ). Here we focused on the fact that we are elucidating a biodefence system against various disorders involving active oxygen that occur in our everyday lives, such as an accelerated aging process, allergies, multiple sclerosis, Parkinson disease etc., and we have studied whether the physiological effects of phytoncide would contribute to the relief of such disorders (Kose 2000; Oikawa, 2005) . This means that exogenous antioxidants would play an important role because biologically-inherent antioxidant enzymes like SOD (superoxide dismutase) alone could no longer cope with overgenerated active oxygen. Thus we focused on the effects of chemical components released from plants widely distributed in nature (hereinafter referred to as phytoncide solutions). We tested four types of phytoncide solutions, prepared from the combinations of various plants selected by their characteristics, for their inhibitory effects on active oxygen, DPPH radical scavenging effects, nitrogen monoxide inhibition, lipid peroxide inhibition etc., to elucidate their significant inhibitory activities. We have also examined the practical application of these solutions, described later in this paper.
Four in Fig.1 as an example of GC-MS analyses. Terpenoids, a major component of these solutions (Fig.2) , has been traditionally known to have some bactericidal, antiviral, antiseptic and antimicrobial effects. Phytoncide solutions containing terpenes also have had immunological effects with antihypertensive effects (Kawakami et al., 2004; Kawakami et al., 2005) .
Here we further studied the novel functionalities of these phytoncide solutions to obtain the results on their antioxidant capacity as shown in Tables 2 and 3 . The assay on the inhibitory effects on active oxygen revealed that the phytoncide solution of the AB- of the solution, has revealed that A-and AB-types of phytoncide solutions show significant inhibitory effects depending on their concentration. We performed the lipid peroxide inhibition assay in order to examine the inhibitory effect of each solution upon the production of lipid peroxide due to the reaction between active oxygen and lipids, under the assumption that notable radical scavenging effects of the phytoncide solution would cause such an inhibitory effect. High dependence upon concentration (1.0 to 0.25%) was observed in this assay, especially with 1.0 Yo of phytoncide solutions of the A-and Dtypes showing lipid peroxide inhibitory ratios of 58 to 61%. On the other hand, lower concentrations (0.25 cA) of the phytoncide solutions showed almost similar inhibitory ratios (about 11 to 21 'Yo) to each other.
In conclusion, our results from various inhibitory assays have confirmed that the phytoncide solution used to produce forest bathing effects has antioxidant effects such as suppressing or scavenging active oxygen to prevent oxidation. This would also mean the effect of preventing cell injury, in addition to traditionally known stress reduction and psychosomatic relaxing effects by parasympathetic stimulation. Based on these results, we are planning to apply phytoncide solutions to improving indoor environmental conditions, developing cosmetics with antimicrobial and deodorant properties, and so on.
Based on these results, we examined the possibility of the application of plant extracts with antimicrobial effects as an ingredient of cosmetic preparations, in order to develop new products of high value. The results are shown in Table 4 . Here we examined the antimicrobial and antifungal effects of two types of phytoncide solutions, the AB-and D-types, both of which had demonstrated significant antioxidant capacity. Any concentration (0.1 to 1.0 Ya) of the ABtype, mixed with bacterial solution comprising equivalent volumes of the mixture of two kinds of gram negative bacteria (E. coil and P. aeruginosa) and that of two kinds of gram positive bacteria (S. aureus and B. subtllis), resulted in no obvious proliferation of any bacteria even after 3 d or 7 d of incubation, demonstrating significant antimicrobial effects. A lower concentration (0.1 %) of the D-type mixed with the same bacterial solution resulted in slight proliferation of the bacteria, though higher concentrations (0.5 to 1.0 %) of that solution demonstrated no less significant antimicrobial effects than those of the AB-type.
Next we also examined antifungal effects, using fungal solutions of A. niger mixed with a test solution, and incubated for 1 to 2 wk, and observed the suppression of fungal proliferative tendencies depending on the increased length of the culturing period and the increased concentrations (from 0.1 to 1.0 %) of the phytoncide solutions.
On the other hand, when the yeast solution of C. albicans was used in the examinations with incubation periods of 1 to 2 wk, similar to those in the examinations using fungal solutions, 0.1 Yo of both types of phytoncide solutions allowed slight proliferation of the yeast. However, higher concentrations of both types of solutions also exerted significant antimicrobial effects, demonstrating no proliferation of the yeast.
The phytoncide solutions had good effects in the invitro microbial and fungal tests, although the conditions of the assay were different from combination of components in the cosmetics. These results showed that 2 kinds of phytoncide solutions with significant antioxidant effects (AB-and D-types) exerted sufficient antimicrobial effects when mixed in cosmetic preparations at a concentration of 0.5 % (Mitsui, 1993) , including findings that the authors have already reported (Abe et al.,2007) , and it was thought that their use as a new preservative in cosmetics is possible.
